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PURPOSE: To allow the preferable target control of the 
r.p.m. of engine and the generating amount of generator 
regardless of the engine load. 

CONSTITUTION: A target generating amount PT is 
calculated based on the battery capacity, the catalyst 
floor temperature, etc., (100) and then a target r.p.m. of 
engine is calculated base on the PT (102). The field 
current is corrected (110, 112) depending on the results 
of comparison (100, 108) between a control target range 
determined by the NT and a detected r.p.m. Ne of engine 
thus conducting the target control of engine r.p.m Ne. 
Subsequently, a correction amount nS of throttle 
opening 3 is set (118, 120) depending on the results of 
comparison (114, 116) between a control target range 
determined by the PT and a detected generating amount 
P thus correcting (122) the throttle opening S. 
Consequently, the target control of the generating 
amount of generator is effected. Since the target control 
of Ne is effected at first followed by the target control 
of generating amount P, the control error due to the magnitude of engine load can be 
eliminated. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the hybrid car which carries the driving source slack motor of a car, the generator 
which supplies the generation-of-electrical~energy output to a motor, the engine which carries 
out the rotation drive of the generator, and a means to control the field current of a generator, 
and an engine service condition The control-objectives range is determined about both an engine 
rotational frequency and the amount of generations of electrical energy of a generator. To a 
value smaller when it. is in a side lower than the control-objectives range where the engine 
engine speed and the amount of generations of electrical energy of a generator were detected, 
and the engine speed of the detected engine was determined Conversely, the field current of a 
generator is amended to a value bigger when it is in a high side. So that an engine load may 
become higher, in being in a side smaller than the control-objectives range where the amount of 
generations of electrical energy of the detected generator was determined when it is in control- 
objectives within the limits as which the rotational frequency of the detected engine was 
determined Conversely, the generation-of-electrical-energy control approach characterized by 
controlling both an engine rotational frequency and the amount of generations of electrical 
energy of a generator to control-objectives within the limits by amending an engine service 
condition so that an engine load becomes lower, in being in a large side. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the approach of controlling the amount of 
generations of electrical energy of the generator carried in the so-called hybrid car, i.e., the 
generation-of-electrical-energy control approach in a hybrid car. 
[0002] 

[Description of the Prior Art] An electric vehicle is a car which makes a motor a driving source, 
and the so-called hybrid car is known as the kind. A hybrid car is an electric vehicle carrying the 
engine other than a motor, among those the configuration which drives a generator and can use 
the generation-of-electrical-energy output for the drive of a motor with an engine is called the 
series hybrid vehicle. An example configuration of a series hybrid vehicle is shown in drawing 6 . 
The car shown in this drawing makes the AC induction motor 10 the driving source. That is, the 
output of a motor 10 is transmitted to a driving wheel 14 through transformer axle 12 grade, and 
turns into driving force of a car. 

[0003] Moreover, the cell 16 in which charges and discharges, such as a lead cell, are possible is 
carried in this car. The discharge output of a cell 16 is changed into three-phase-alternating- 
current power by the inverter 18 which consists of two or more switching elements, and is 
supplied to a motor 10 by it. An inverter 18 receives control by ECU (electronic control unit)20 
in that case. That is, according to treading in of the accelerator by the car pilot, and a brake, 
ECU20 calculates the torque command value which shows the torque which should be made to 
output from a motor 10, and controls an inverter 18 according to the acquired torque command 
value. The power supplied to a motor 10 will be controlled by this, and the torque corresponding 
to a torque command value will be outputted from a motor 10. 

[0004] As a means to supply power to a motor 10 through an inverter 18, the generator 22 other 
than a cell 16 is carried. This generator 22 is connected with the engine 26 through the speed- 
increasing gear 24. That is, if ECU20 operates an engine 26, since the output of an engine 26 will 
be transmitted to a generator 22 through a speed-increasing gear 24, if field current is supplied 
to the bottom of control of ECU at a generator 22, a generation-of^electrical-energy output will 
be obtained from this generator 22. The generator 22 shown in this drawing is a three-phase AC 
generator, it is rectified by the rectifier 28 and that output is supplied to an inverter 18 and a 
cell 16. Therefore, a motor 10 can be driven with the output of cell 16 and generator 22 both 
sides, and can charge a cell 16 not only with the regeneration of a motor 10 but with the output 
of a generator 22. In addition, a speed-increasing gear 24 is a device which raises the rotational 
frequency of an engine 26 to the value suitable for a generator 22. 

[0005] Moreover, ECU20 controls the service condition of an engine 26 to rotate in the fuel 
consumption best region as is in charge of operating an engine 26, for example, shown in drawing 
7 . As a service condition set as the object of control, there are fuel oil consumption, ignition 
timing, throttle opening, etc. The fuel consumption best region is the range of 1200rpm - 
2800rpm in a 4-cylinder engine. In this field, the emission of an engine 26 also usually becomes 
good. 

[0006] When it is going to obtain necessary power from a generator 22, making such efficient 



http:/ / www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgLejje 



2006/06/07 



JP,07-087615 f A [DETAILED DESCRIPTION] 



- 2/6 ^-v 



operation perform in an engine 26, the field current of a generator 22 is controlled by ECU20. If it 
does in this way, the amount of generations of electrical energy from a generator 22 is 
controllable to desired value, driving an engine 26 in the fuel consumption best region. Such 
control is indicated by JP,51-39813,A etc. 
[0007] 

[Problem(s) to be Solved by the Invention] However, when control of the amount of generations 
of electrical energy of a generator is performed by control of an engine service condition, and 
control of the field current of a generator, an engine rotational frequency may not necessarily 
serve as a value settled within fuel consumption best. That is, in the individual property of an 
engine and a generator, in mass production etc., dispersion and the difference between 
individuals of an engine and a generator change with factors with time. If such dispersion and 
aging arise, even if it is the case where the amount of generations of electrical energy 
concerning desired value has been obtained from the generator by field control, an engine 
rotational frequency will vary. 

[0008] Moreover, an engine rotational frequency becomes high when the field current of a 
generator is small, and when conversely large, it becomes low. Furthermore, change of an engine 
speed also changes an engine output, as a result the amount of generations of electrical energy 
of a generator according to this. However, this property turns into a property in which the time 
when an engine load is expensive differs from the low time at for example, when [ the time when 
throttle opening is large, and when small ]. That is, by the gasoline engine, as shown in drawing 8 
(a), throttle engine output characteristics — it can set at the time of a heavy load — serve as 
right going up to an engine speed, and serve as right going down at the time of low loading, for 
example. Therefore, even if it is going to control the amount of generations of electrical energy 
by changing the field current of a generator like the above-mentioned conventional technique, it 
will change with the inclination for the time when an engine load is expensive to differ in the 
amount of generations of electrical energy from the low time. 

[0009] This invention is made considering solving such a trouble as a technical problem, and aims 
at making it possible to both carry out target control of an engine speed and the amount of 
generations of electrical energy of a generator suitably by improving the procedure concerning 
the amount control of generations of electrical energy of a generator. Moreover, this invention 
aims at realizing such control, without being influenced by the engine load. And this invention 
aims at preventing fluctuation of mass-production dispersion of the individual property of an 
engine and a generator, and the control result by aging of the difference between these 
individuals, and carrying out efficient operation of the engine, and improving the emission by 
realizing above-mentioned control. 
[0010] 

[Means for Solving the Problem] In order to attain such a purpose, the generation-of-electrical- 
energy control approach of this invention The control-objectives range is determined about both 
an engine rotational frequency and the amount of generations of electrical energy of a generator. 
To a value smaller when it is in a side lower than the control-objectives range where the engine 
engine speed and the amount of generations of electrical energy of a generator were detected, 
and the engine speed of the detected engine was determined Conversely, the field current of a 
generator is amended to a value bigger when it is in a high side. So that an engine load may 
become higher, in being in a side smaller than the control-objectives range where the amount of 
generations of electrical energy of the detected generator was determined when it is in control- 
objectives within the limits as which the rotational frequency of the detected engine was 
determined Conversely, when it is in a large side, it is characterized by controlling both an engine 
rotational frequency and the amount of generations of electrical energy of a generator in a 
control range by amending an engine service condition so that an engine load may become lower. 

[0011] 

[Function] In this invention, the control-objectives range is first determined about both an 
engine rotational frequency and the amount of generations of electrical energy of a generator. 
For example, the control-objectives range of the amount of generations of electrical energy can 
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be determined according to the load of cell capacity, a catalyst floor temperature, and a motor 
etc., and the control-objectives range of an engine speed can be determined according to the 
control-objectives range of the amount of generations of electrical energy. Furthermore, an 
engine rotational frequency and the amount of generations of electrical energy of a generator are 
detected. The latter is detectable as the output voltage of a generator, and a product of a 
current. 

[0012] In this invention, the rotational frequency of the detected engine is first compared with 
the control-objectives range. As a result of this comparison when [ the former ] it is in a side 
lower than the latter, it is amended to a value with the smaller field current of a generator, and 
when it is in a high side, it is amended to a bigger value. That is, if an engine rotational frequency 
will become high if field current becomes small, and it becomes large, since it will become low, 
target control of an engine speed will be performed by amendment of the field current of a 
generator based on such relation. Furthermore, when the rotational frequency of the detected 
engine is within the limits of those control objectives as a result of this comparison, the 
comparison of the amount of generations of electrical energy and control-objectives range of the 
detected generator is performed. It is amended, engine service condition, for example, throttle 
opening, and when it is in a conversely large side, an engine service condition is amended so that 
an engine load may become lower, so that an engine load may become higher, as a result of this 
comparison in being in a side with the amount of generations of electrical energy of a generator 
smaller than that control-objectives range. By the comparison with drawing 8 (a) and drawing 8 
(b), even if it is the same engine speed when an engine load is low so that clearly, the amount of 
generations of electrical energy of a generator serves as a smaller value here. In this invention, 
based on this relation, control of the engine load by control of an engine service condition is 
performed so that the amount of generations of electrical energy of control-objectives within the 
limits may be obtained. 

[0013] Therefore, it becomes [ in / both / this invention ] possible to perform target control of 
an engine speed and the amount of generations of electrical energy, without controlling an engine 
engine speed and the amount of generations of electrical energy of a generator at control- 
objectives within the limits, and the control error by the engine, mass-production dispersion of 
the individual property of a generator, aging of the difference between the individual, etc. 
occurring. 
[0014] 

[Example] Hereafter, the suitable example of this invention is explained based on a drawing. In 
addition, the same sign is given to the same configuration as the conventional example shown in 
drawing 6 - drawing 8 , and explanation is omitted. 

[0015] The configuration of the series hybrid vehicle concerning the 1st example of this 
invention is shown in drawing 1 . The amount PT of target generations of electrical energy later 
mentioned in this example as shown in this drawing The SOC sensor 30 which detects cell 
capacity (charge condition: SOC) for count, and the temperature sensor 34 which detects Thw 
of the catalyst floor temperature of the catalyst which was established in the exhaust pipe 32 of 
an engine 26, and which is not illustrated are formed. Furthermore, basic throttle opening SO 
mentioned later In order to calculate, it is the engine water temperature Te. The temperature 
sensor 36 to detect is attached to the engine 26. Furthermore, engine speed Ne It is the engine 
speed Ne concerned because of target control. In order that the engine-speed sensor 38 to 
detect may be attached to the engine 26 and may carry out target control of the amount of 
generations of electrical energy of a generator 22, the voltage sensor 40 and current sensor 42 
which detect the electrical potential difference and current which are outputted from a rectifier . 
28 are prepared. ECU44 performs control of drawing 2 explained below based on these sensors 
30 and the output of 34-42. 

[0016] The flow of the generation-of-electrical-energy control routine performed by ECU44 is 
shown in drawing 2 . Table f is referred by the catalyst floor temperature Thw first detected in 
this routine by SOC detected by the SOC sensor 30, and the temperature sensor 34 as shown in 
this drawing, and it is the amount PT of target generations of electrical energy by this. It is 
calculated by ECU44 (100). For example, it is PT that charge of a cell 16 should be advanced or 
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a catalyst should be activated when SOC and Thw are low. It is the amount PT of target 
generations of electrical energy concerned so that it may become large. It is calculated. Then, 
ECU44 is the amount PT of target generations of electrical energy obtained in step 100. By 
referring to Table g, it is the target engine speed NT. It calculates (102). Thus, the amount PT of 
target generations of electrical energy And target engine speed NT It is determined. Then, 
ECU44 is the basic throttle opening SO. It calculates (104). The amount PT of target generations 
of electrical energy determined in step 100 in this count Engine water temperature Te detected 
by the temperature sensor 36 Table h is referred to. In addition, it is in charge of this count, and 
is the engine water temperature Te. It uses for making the standby of an engine 26 reflect. 
[0017] ECU44 is the engine speed Ne of the engine 26 which continues and is detected by the 
engine-speed sensor 38. Target engine speed NT determined in step 102 It judges whether it is 
in control-objectives within the limits which become settled (106,108). ECU44 performs control 
of the field current of a generator 22 according to the result of this judgment (1 10,1 1 2). Namely, 
engine speed Ne detected as shown in drawing 3 (a) In being smaller than minimum NT-deltaN of 
the control-objectives range, it makes the field current of (106) and a generator 22 small (110), 
and it is a rotational frequency Ne. In being larger than upper limit NT+deltaN of the control- 
objectives range, it enlarges the field current of (108) and a generator 22 (112). the size of field 
current — the merits and demerits of the "on" period and a "off" period — or it is controllable 
by the amplitude. In addition, deltaN is a rotational frequency Ne. It is the minute value which 
appoints the control -objectives range. 

[0018] Furthermore, engine speed Ne detected as a result of step 106 and the judgment of 108 
Target engine speed NT When it responds and is in control-objectives within the limits which 
become settled, the judgment concerning the amount P of generations of electrical energy of a 
generator 22 is performed (114,116). Namely, the product of the electrical potential difference 
detected by the voltage sensor 40 and the current detected by the current sensor 42 expresses 
the amount P of generations of electrical energy of a generator 22, and this P is the amount PT 
of target generations of electrical energy. It responds and is compared with the control- 
objectives range which becomes settled. When the detected amount P of generations of 
electrical energy is made smaller than minimum PT-deltaP of the control-objectives range as a 
result of this comparison, as it is shown in (114) and drawing 3 (b) 1 is added to amount of 
amendments deltaS of throttle opening (118), and conversely, when the amount P of generations 
of electrical energy is enlarged from upper limit PT+deltaP of the control-objectives range, 1 
decreases from amount of amendments deltaS of (1 16) and throttle opening (120). 
[0019] SO [ in addition, / in / in deltaS / step 102 ] a setup — simultaneously — or it is reset in 
advance of this. 

[0020] When field current is amended by step 1 10 or 1 12 and amount of amendments deltaS of 
throttle opening is amended by step 1 18 or 120 t and when the amount P of generations of 
electrical energy is in control-objectives within the limits by steps 114 and 116 at a list, ECU44 
performs step 122. Basic throttle opening SO asked for amount of amendments deltaS of the 
throttle opening set up by step 118 or 120 in step 104 in step 122 It is added and the throttle 
opening S obtained in step 122 in continuing step 124 is outputted to an engine 26. By this, 
throttle opening will be amended according to the judgment result concerning the amount P of 
generations of electrical energy. 

[0021] Thus, engine speed Ne detected in this example It is compared with the control- 
objectives range, and the field current of a generator 22 is amended according to the result of 
the comparison. If the value of the field current of a generator 22 is made small as stated also in 
advance, it is the rotational frequency Ne of an engine 26. It will become low, if it becomes high 
and becomes small. Therefore, it is the rotational frequency Ne of an engine 26 by processing of 
steps 106-1 12. It will be controlled at control-objectives within the limits shown in drawing 3 (a). 
[0022] Moreover, in this example, the throttle opening S of an engine 26 is amended according to 
the comparison result of the amount P of generations of electrical energy, and its control- 
objectives range. If the load of an engine 26 will become high if the throttle opening S becomes 
large, and it becomes small here, since it will become low, it will be controlled by amendment of 
the throttle opening S based on the result of processing of step 1 14-120 so that the output of 
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an engine 26, as a result the amount of generations of electrical energy of a generator 22 serve 
as control-objectives range shown in drawing 3 (b). 

[0023] In addition, it sets in this example and is the rotational frequency Ne of an engine 26. 
After control is performed, control of the amount P of generations of electrical energy of a 
generator 22 is performed. Therefore, it differs from the case where such sequence is made 
reverse, and is the engine speed Ne of an engine 26. The amount P of generations of electrical 
energy of a generator 22 is not depended on the height of the load of an engine 26, but it 
becomes possible to both carry out target control suitably. That is, when the amount P of 
generations of electrical energy is controlled previously, as it is shown in drawing 8 (a) and (b), it 
is the rotational frequency Ne of an engine 26. Rotational frequency Ne performed after that 
since relation with the output differs in the time of a heavy load and low loading The amount P of 
generations of electrical energy of a generator 22 will shift from a target control range as a 
result of control. Rotational frequency Ne mentioned above in this example, without such fault 
arising (i.e., without it having been influenced by the load of an engine 26) And target control of 
the amount P of generations of electrical energy can be performed suitably. 
[0024] Thus, according to this example, it is not based on aging of an engine 26, mass- 
production dispersion of the individual property of a generator 22, or the difference between the 
individual, is not based on the joad of an engine 26, but is the rotational frequency Ne of an 
engine 26. Target control of both the amounts P of generations of electrical energy of a 
generator 22 can be carried out. Moreover, engine speed Ne of an engine 26 If efficient operation 
of the engine 26 can be carried out and emission sets control objectives as the good engine 
speed, efficient operation of an engine 26 and an improvement of emission will be realized 
suitably. 

[0025] In addition, as for the amount P of generations of electrical energy used for the control 
mentioned above, it is desirable to consider as the average of the product of the electrical 
potential difference obtained by the voltage sensor 40 and the current acquired by the current 
sensor 42. Moreover, as a service condition of the engine 26 adjusted in order to control the 
amount P of generations of electrical energy, conditions other than the throttle opening S may 
be used. 

[0026] The flow of actuation of the series hybrid vehicle concerning the 2nd example of this 
invention, especially ECU44 is shown in drawing 4 . This example can be carried out with the 
same configuration as the 1st example shown in drawing 1 as an equipment configuration. The 
point that this example is different from the 1st example is in the point that are not by control of 
that ON, a "off" period, or the amplitude, and the command and the output of duty are 
performing control of the field current of a generator 22. 

[0027] That is, it sets to drawing 4 and they are after step 104 activation and the basic duty DO. 
Count is performed (126). Namely, target engine speed NT for which it asked in step 102 By 
referring to on Table j, it is the basic duty DO. It is calculated. Moreover, in step 110 which 
makes field current small, 1 decreases from amount of amendments deltaD of duty, and 1 is 
added in step 112 which enlarges field current. Thus, it sets to step 128 performed just behind 
step 122, and obtained amount of amendments deltaD is the basic duty DO. It is added. Thus, 
when Duty D is acquired, in step 130 performed after step 124 activation, the field current which 
has Duty D will be outputted to a generator 22. The above-mentioned effectiveness can be 
acquired also by such actuation. In addition, deltaD as well as deltaS is reset. 
[0028] The configuration of the series hybrid vehicle concerning the 3rd example of this 
invention is shown in drawing 5 . In this example, it replaces with the SOC sensor 30 and 
temperature sensor 34 which were used in the 1st example, and the voltage sensor 46 and 
current sensor 48 which detect the electrical potential difference supplied to a motor 10 are 
used. That is, it sets in this example and is the amount PT of target generations of electrical 
energy. In calculating, it replaces with SOC or Thw and the product of the output of the value 46 
showing the load of a motor 10, i.e., a voltage sensor, and the output of a current sensor 48 is 
used. Even if such, the above-mentioned effectiveness is suitably realizable. 
[0029] 

[Effect of the Invention] Since the field current of a generator and an engine service condition 
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were amended according to the detection result of an engine engine speed and the amount of 
generations of electrical energy of a generator according to this invention as explained above, 
target control of an engine engine speed and the amount of generations of electrical energy of a 
generator can both be carried out suitably. Therefore, generating of an engine, mass-production 
dispersion of the property of a generator, and the control error accompanying these aging can be 
prevented. Moreover, after performing target control of the engine speed by amendment of field 
current first, in order to perform target control of the amount of generations of electrical energy 
of the generator by amendment of an engine service condition, it cannot be based on the height 
of an engine load, but target control mentioned above can be performed suitably. Furthermore, 
by implementation of such control, while carrying out efficient operation of the engine, the 
emission can be reduced, and the generating efficiency of a generator can be raised. 



[Translation done.] 
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* NOTICES * 
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LThis document has been translated by computer. So the translation may not reflect the original 
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2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram showing the system configuration of the series hybrid vehicle 
concerning the 1st example of this invention. 

[Drawing 2] It is the flow chart which shows the flow of actuation of ECU in this example. 
[Drawing 3] It is drawing showing a setup of the control-objectives range in this example, and 
especially drawing 3 (a) is drawing showing the control-objectives range of the amount of 
generations of electrical energy of the drawing 3 (b) generator for the control-objectives range 
of an engine rotational frequency, respectively. 

[Drawing 4] It is the flow chart which shows the flow of actuation of ECU in the 2nd example of 
this invention. 

[Drawing 5] It is the block diagram showing the system configuration of the series hybrid vehicle 
concerning the 3rd example of this invention. 

[Drawing 6] It is the block diagram showing an example configuration of a series hybrid vehicle. 
[Drawing 7] It is the rate property Fig. of engine-speed pair fuel consumption showing the fuel 
consumption best control of an engine. 

[Drawing 8] It is drawing showing the difference of engine output characteristics the time when 

an engine load is near, and when low, and especially drawing 8 (a) is drawing in which drawing 8 

(b) shows the relation of engine-speed [ relation / of the engine-speed pair engine power at the 

time of a heavy load ] pair engine power at the time of low loading, respectively. 

[Description of Notations] 

1 0 Motor 

16 Cell 

22 Generator 

26 Engine 

30 SOC Sensor 

34 36 Temperature sensor 

38 Rotational Frequency Sensor 

40 46 Voltage sensor 

42 48 Current sensor 

44 ECU (Electronic Control Unit) 

PT The amount of target generations of electrical energy 
NT Target engine speed 
SO Basic throttle opening 

deltaS The amount of amendments of throttle opening 
S Throttle opening 
DO Basic duty 

deltaD The amount of amendments of duty 
D Duty 
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